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Bauer E. Sumpio, MD, PhD, New Haven, ConnStanding before you at this moment, I am over-
whelmed with a sense of pride and gratitude at the honor
of being your President. I would like to thank the
membership for the opportunity to serve, as I consider
leadership of this society one of the highest honors of
my professional career. It has been a wonderful and memo-
rable journey since I attended my ﬁrst meeting 25 years
ago in Bretton Woods, New Hampshire. Although many
of my predecessors have taken this opportunity to reﬂect
on surgical achievements, past and future, that will not
be my topic today. Part of what I will emphasize today is
the importance of both adaptation and cooperation.THE DILEMMA
The future for the treatment of disorders of the
vascular system is very bright. There is no shortage of
work, and there are more patients with vascular disease.
Although only 15% of peripheral vascular disease patients
require an intervention, over 1 million in-patient vascular
cases were performed in 2008, and this is extrapolated to
rise to over 2 million by 2030.1 This increase reﬂects in
part the aging of America thanks to the “baby boomer”
generation and to people simply living longer. In 2009,
the Advisory Board, a Washington, DC-based health care
consulting ﬁrm, extrapolated 5-year data for vascular
procedures.2 Lower extremity interventions were predicted
to rise by 38%. Although open abdominal aortic aneurysm
(AAA) repairs were predicted to decrease by 13%, the total
number of AAA repairs was predicted to increase by 17%
because in part to an increase in endovascular repairs. Like-
wise, the number of open carotid endarterectomies was
predicted to decrease by 19%, but the total number ofthe Department of Surgery, Yale University School of Medicine.
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The rise in vascular interventions is multifactorial. As
medical technology advances, the demand for health care
services increases. One needs only look at the impact
made by the development of the aortic endograft by Parodi
in the early 1990s, which has enhanced the volume of AAA
repairs. The slight increase in total AAA repairs is attributed
to the increased utilization of these aortic endografts.
Furthermore, the emergence of new technologies means
more options to intervene and increases our ability to treat
challenging lesions in sick and elderly patients. Medicare
data demonstrate an increase in tibial interventions from
11% in 2001 to 21% in 2008, and vascular surgeons are
signiﬁcant contributors to this trend.3
It may seem perverse, but the increase in vascular inter-
ventions also results in more opportunities for reinterven-
tions. The Bypass versus Angioplasty in Severe Ischaemia
of the Leg (BASIL) trial, for instance, reported that the
need for reintervention occurs in approximately 21% of
patients after either endovascular or open intervention.4
In addition, the economics of care of patients with vascular
disease has changed. The top vascular diagnoses of periph-
eral vascular disease account for a one-half million inpatient
conditions per year and represent a sizeable and signiﬁcant
business for hospitals. Vascular cases cumulatively account
for a large number of procedures, especially when including
outpatient volumes and surpass the number of cardiac
surgeries.5 There is signiﬁcant revenue generated by
vascular patients naive to the health system.
But the future for vascular surgeons is not all that rosy.
Up to a decade ago, vascular surgeons were the primary
caregivers for patients with vascular disorders. However,
the shift to catheter-based revascularizations has attracted
other specialties. Information from national in-patient
databases demonstrate a 67% decrease in open surgery for
lower extremity revascularization from 1998 to 2007
with a concomitant doubling in endovascular revasculariza-
tion for patients with either claudication or critical
ischemia.6 The relatively attractive reimbursement margin
for vascular procedures combined with the increasing
need for interventions and the shift to catheter-based revas-
cularizations is extremely compelling.
It is unfortunate that the emergence of vascular surgery
is occurring at the same time that cardiac cases are
decreasing. Analyzing all-payer data from 2003 to 2009,31415
Fig 1. Data from the Association of American Medical Colleges that ranks specialties based on the number of active
physicians.11  2008 Association of American Medical Colleges. All rights reserved. Reproduced with permission.
Fig 2. Data from the Dartmouth Atlas of Health Care that depict
the number of general surgeons, cardiologists, cardiothoracic
surgeons, and vascular surgeons per 100,000 residents in different
regions in 2006. Each dot represents a speciﬁc region in the United
States. For example for general surgery, the mean number is eight
surgeons per 100,000 population. Adapted with permission from
the Dartmouth Atlas Project.12
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a relatively ﬂat rate of percutaneous coronary interventions.
In comparison, during this time period, there is signiﬁcant
growth in peripheral vascular interventions and AAA
repairs. Vascular cases ascend as cardiac revascularization
declines. Likewise, based on Medicare inpatient data, there
was a 31% decrease in coronary interventions between
2004 and 2009, with a corresponding 20% increase in
peripheral interventions, which translated to a signiﬁcant
increase in revenue.3 Today, vascular is nearly one-third
of the cardiovascular revenue pie and as a consequence,
vascular surgeons are facing competition from a variety of
specialists, who are not as busy.
STRATEGIC PLANNING
The catheter-based technologies open the door to
other specialties and so it may be a worthwhile exercise
for our specialty to develop strategic plans as a business
would. Michael Porter, a leading economist, proposed
the key forces that drive competition as rivalry among
existing competitors, the threat of new entrants into the
Fig 3. The Prisoner’s Dilemma. Retrieved from http://www.britannica.com/EBchecked/topic/477240/prisoners-
dilemma (2012). By courtesy of Encyclopaedia Britannica, Inc, copyright 2006; used with permission.
Fig 4. A hypothetical scenario illustrating the dilemma of vascular
specialists cooperating. CLI, Critical limb ischemia.
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and the threat of substitute products or services.7 I recently
performed an analogous analysis to examine the factors
inﬂuencing the competition in vascular surgery8 and by
utilizing Porter’s generic strategies concluded that vascular
surgery is uniquely situated to pursue both a differentiation
and high-value leadership strategy. But can this be
implemented?
Fifteen years ago, there was a plea for “vascular sur-
geons...to develop some level of catheter-guidewire-
imaging skills to be “ﬁt” enough to survive.”9 This
paradigm shift has been successful. In the 1980s, vascular
surgeons were general surgeons who had gained additional
training and expertise in the diagnosis, treatment, and
management of vascular disorders. We have now evolved
into surgeon interventionalists who are trained to perform
the full range of catheter-based diagnostic and therapeutic
procedures. By comparing Medicare data on the percent
of peripheral vascular stent cases that are done by specialty,
vascular surgeons have clearly adapted well increasing
market share from 9% in 2000 to 32% in 2008.3 In addition,vascular surgeons not only perform all procedures, but we
are now able to provide greater than 84% of the endovascu-
lar experience to vascular surgery residents.10
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small. Data from the American Association of Medical
Colleges11 that rank specialties based on the number of
active physicians show that vascular surgery is at the
bottom of the pack, while cardiologists, general surgeons,
and radiologists are in the upper quartile (Fig 1). This is
further underscored when we review the distribution of
our specialty in different regions in the United States12
(Fig 2). In comparison with the other specialties, we are
small and our numbers have not changed signiﬁcantly
over the past few years. Data from the American College
of Surgeons Health Policy Research Institute website
demonstrate the percent change in numbers of vascular
surgeons from 2004 to 2009.13 If one looks at New
England, Vermont had the largest increase, about 33%,
Rhode Island the smallest, about 3%. However, if one
looks at actual numbers of vascular surgeons, the outlook
is not optimistic. In New England, New Hampshire has
the highest increase, 1.74 vascular surgeons per 100,000
while Maine, Vermont, and Rhode Island have the small-
est, about a one-half vascular surgeons per 100,000
population.
Projections for workforce highlight the need for more
vascular surgeons. An analysis of the attrition rate of older
surgeons coupled with the number of new graduates of our
training programs underscores the slow growth of our
specialty.14 We currently have 94 programs in our tradi-
tional fellowship track for 120 positions and 35 vascular
integrated residency programs for 41 positions. This brings
a grand total of 161 potential graduates entering the
workforce each year. We are miniscule compared with
cardiology, which has 779 training positions available and
even interventional radiology, which has 221 positions.15
That is a potential of 1000 new competitors each year!
We are clearly not training enough vascular surgeons.
The critical challenge that is still left unanswered is how
to signiﬁcantly increase the numbers of trainees to match
the anticipated demands of the future that some reports
are already indicating a shortage of 400 surgeons by
2030 and over 800 by 2050.14 The reasons for our small
number of trainees are complex and was already nicely
analyzed by Dan Walsh in his Presidential address to our
society in 2008.16
THE PRISONER’S DILEMMA
So, we are talented and gifted, but the fact remains that
our specialty is too small, and we reproduce too slowly. Do
we just keep ﬁghting only to lose because we are outnum-
bered? Michael Porter also proposed implementation of
secondary strategies including innovation, growth, and
the forming of alliances.17 I believe that we need to seri-
ously consider that the next step, to our survival, after
adaptation, is to form multidisciplinary alliances with other
physician groups such as the podiatrist, primary care physi-
cians, and other referral sources and at the same time
consider cooperating with our rivals.
However, is this possible? If we take Darwin’s case for
evolution by natural selection to its logical conclusion,one should never ever help a rival. Because it is the selﬁsh
behavior of the organism that ensures its self-preservation,
there is no reason for cooperation to take place. But is this
really the case? In nature, we know that cooperation does
indeed take place.18 So, this begets my hypothesis that
although competition and survival are at the individual level
the cornerstone of natural selection, cooperation may be
a better alternative among rivals and certainly necessary
for the survival and beneﬁt of the collective group.
The relationship of competition with cooperation is
best illustrated by using game theory to understand the
interactions better.19 Game theory is a useful tool for
understanding strategic interaction and creating better
outcomes in medical care. All games involve rules, strate-
gies, and payoffs. There are several models, but the most
famous strategic game, the Prisoner’s Dilemma, is an apt
model for many interactions. These puzzles were originally
devised by Melvin Dresher and Merrill Flood in 1950, as
part of the Rand Corporation’s investigations into game
theory because of possible applications to global nuclear
strategy.
The Prisoner’s Dilemma is exactly what it sounds like
(Fig 3). Two partners in crime are separated into sepa-
rate rooms at the police station and given a similar deal.
If one implicates the other, he may go free while the other
receives 20 years in prison. If neither implicates the other,
both are given moderate sentences (1 year each), and if
both implicate the other, the sentences for both are severe
(5 years each). Each player has a dominant strategy to
“confess” and implicate the other, and thus, in equilibrium,
each receives a harsh punishment. The dominant strategy
of confessing is a suboptimal outcome, as the prisoners
could have gotten away with 1 year each by remaining
silent. The best outcome is both prisoners choosing
“confess.” This scenario is an excellent example of how
individual rationality brings about collective irrationality.
So what does this have to do with vascular surgeons
and cooperation? Consider the case of a small town in
New England (Fig 4). There are two groups of
interventionalistsda group of vascular surgeons and a group
of cardiologists. The state wants to establish voluntary
practice guidelines, which favors medical management of
all claudicants except for those with severe symptoms.
There is a signiﬁcant amount of lower extremity arterial
disease in the town, but 90% are claudicants, while 10%
have critical limb ischemia (CLI) and currently the manage-
ment of these patients is split evenly between the groups.
The two groups have two choices: follow the guidelines
(cooperate) or intervene on all claudicants (defect). There
are four possible outcomes from these choices. The best
collective outcome is that both groups cooperate; they
intervene equally on the CLI patients but do not intervene
on the less severe claudicants (top left box). Patients do
better; health care dollars are saved. But will it happen?
Unfortunately, it is not likely in this setup because the
payoffs resemble the Prisoner’s Dilemma. Both the vascular
surgeons and the cardiologists are more likely to defect
because they will both experience a drop in number of
Fig 5. Tragedy of the commons.
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patients (5% of CLI and say 10% of claudicants), and
a drop in income. In addition, there is the danger that if
one group cooperates and the other group defects and
ignores the guidelines (top right or bottom left box), the
defectors will not only start to intervene on the majority
of claudicants but will shift some of the CLI referrals to
their group because of their increased visibility and
perceived strength in this area. The defectors get an 88%
market share of the patients, while the cooperating group
only gets 12%. The best possible option for a group is to
not cooperate (bottom right box) given all the scenarios.
Since if no one cooperates, both groups intervene equally
on CLI and claudicants, and both groups each continue
to intervene on 50% of the patients. So, in spite of the
possible gains to the patient and to decreasing health care
costs, the best outcome where both groups cooperate
cannot be achieved. The dilemma is that picking the best
individual choice precludes the group from achieving the
best group outcome; an outcome that seems fair to both
parties.
The hypothetical scenario described above is not too
much of a stretch to what is actually happening. Doctors
often cannot trust other groups to comply. The game
also illustrates how doctors, hospitals, and federal agencies
are unable to reach the best outcome because of conﬂicting
personal interests. One unfortunate consequence of indi-
viduals, acting independently in their own self-interest, is
that they can ultimately deplete a shared limited resource.
This dilemma was ﬁrst described in an inﬂuential article
titled “The Tragedy of the Commons,” written by ecolo-
gist Garrett Hardin.20
A contemporary and relevant illustration of the tragedy
of the commons is as follows. Take a cardiac catheteriza-
tion lab where there is an upper limit on how much elective
intervention time can be used in a sustainable manner.
Exceeding a 40-hour week of usage results in increases in
staff wages and shortens time to replenish supplies and
maintain equipment. We can set up the Prisoner’s
Dilemma matrix as shown in Fig 5. The best scenario for
surgeons would be if everyone else is below the limit, but
the surgeon cheats and continue to use more than the
allotted time (Fig 5, top right box). The next best scenario
occurs when everyone is below the limit, and the surgeon
also adheres to the rules (Fig 5, top left box). A pretty
bad scenario is when everyone uses the facility above the
limit (Fig 5, bottom right box). The worst case scenario
for the surgeon is when cardiology utilizes the facility
above the limit, but the surgeon does not for some reason
(Fig 5, bottom left box). The lesson here is that no matter
what everyone else is doing, you always do better by cheat-
ing. But, if everyone cheats, then everyone eventually
suffers. The cardiac catheterization laboratory is a common
resource. As such, it is a rival good, meaning that one
person’s use diminishes another’s use of it. All the users
of the laboratory now have reduced time and have to
wait for the facility to be repairedd a negative sum game.COOPERATION
Robert Axelrod, a Professor for the Study of Human
Understanding at the University of Michigan, performed
seminal studies on the evolution of cooperation and
showed that when the Prisoner’s Dilemma game is
repeated, and the key players meet often, there is the
possibility that cooperation is a better strategy. In every
round, each player has a choice between cooperating and
defecting. If I cooperate now, you may cooperate later.
Hence, it may pay off to cooperate.
Axelrod was intrigued by the many strategies that had
been proposed to play this game effectively. He thought
that a good way to evaluate alternative strategies for the
iterated Prisoner’s Dilemma would be to invite experts to
submit their strategies in the form of computer
programs.21 The result was that the simplest of all
submitted entries won the tournament. This was “tit-for-
tat” submitted by Anatol Rapoport; cooperate on the ﬁrst
move, and then cooperate or defect exactly as the other
player did on the preceding move. Tit-for-tat, along with
other strategies that also did well in the contest, was
dissected, and four features were seen to be essential to
success (Fig 6). The ﬁrst is “niceness,” which means,
simply, refraining from defecting ﬁrst. Defection tends to
breed ill will from the other players and produces a course
of mutual destruction. Being nice proved helpful. On the
other hand, the tit-for-tat strategy was better than an
“always cooperate” approach, indicating that provocability,
the ability to respond when the other player is not nice, is
essential, too; there is no point in being taken by others.
Since players do better when both are cooperating,
compared with when both are defecting, the willingness
to return to cooperation once the other side does ﬁrst,
a feature termed “forgiveness,” is likewise important. The
ﬁnal feature gleaned was “clarity.” It must be obvious to
other players that you are nice, provocable, and forgiving
for those traits to serve you well.
The relevance of the Prisoner’s Dilemma for vascular
surgeons is profound. We have to remember that the
best response has been proven. You must be nice and
Fig 6. The nature of cooperation.
Fig 7. Nowak’s strategies for cooperation.
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at least, “cooperate” with the other specialists and assume
that he or she will as well. Being “nice” can be beneﬁcial,
but it can also lead to being suckered. To obtain the
beneﬁt, or avoid exploitation, it is necessary to be provoca-
ble to both retaliation and forgiveness. When the other
rival defects, a nice strategy must immediately be provoked
into retaliatory defection. The same goes for forgiveness;
return to cooperation as soon as the other competitor
does. Overdoing the punishment risks escalation and can
lead to an “unending echo of alternating defections”
that hurts both sides. Of course, retaliate when struck
but also be quick to return to niceness. This analysis
suggests that we should not rule out cooperation with
our rivals. If we cooperate with other specialists, we may
not overwhelm them, but we might not get overcome
ourselves.
Incidentally, the strategy of tit-for-tat is also called
direct reciprocity by Martin Nowak, Professor of Biology
and Mathematics and Director of the Program for Evolu-
tionary Dynamics at Harvard University. Nowak works
on the mathematical description of the evolution of coop-
eration and has deﬁned ﬁve strategies for cooperation22
(Fig 7). The ﬁrst is kin selection, which concerns coopera-
tion among genetically related individuals. Individuals
make sacriﬁces for their relatives because those relatives
share their genes. Vascular surgeons cooperating with
one another are a good example of this. The second has
already been discussed as the tit-for-tat or direct reci-
procity. I help you; you help me. This strategy depends
on what you have done to me. The third mechanism that
fosters the emergence of cooperation is indirect reciprocity,
where one individual decides to aid another based on the
needy individual’s reputation. Those who have a reputation
for assisting others who fall on hard times might ﬁnd them-
selves on the receiving end of goodwill from strangers
when their own luck takes a turn for the worse. “I’ll scratch
your back, and someone will scratch mine.” The fourth
mechanism is termed network reciprocity or spatial selec-
tion. This is seen if cooperators and defectors are not
uniformly distributed in a population. Neighbors or friendsin a network tend to help one another and, thus, prevail in
competition with defectors. Last, individuals may perform
selﬂess acts for the greater good, as opposed to abetting
a single peer, and this is known as group selection. For
example, although vascular surgeons compete with one
another, they can cooperate as a unit across the country
to ensure success of our discipline.
DYNAMIC TENSION
How can cooperation evolve among vascular specialists
unconstrained by a central authority? This is based on the
assumption that the vascular interventionalists are selﬁsh
or have an incentive to be selﬁsh. The Prisoner’s Dilemma
helps deﬁne the forces acting on the situation in which
what is best for each person individually leads to mutual
defection, despite the fact that everyone would be better
off with mutual cooperation.
So, if vascular surgeons have tried ﬁghting, if we have
tried adapting, if we have tried creating alliances, would
cooperating with your ﬁerce rival work? Maybe Charles
Atlas has the answer. After being bullied as a child, Charles
Atlas joined the YMCA and began to do numerous exercise
routines.23 He became obsessed with strength. He said
that one day he watched a tiger stretching in the zoo and
asked himself “How does Mr Tiger keep in physical condi-
tion? Did you ever see a tiger with a barbell?” He
concluded that lions and tigers became strong by pitting
muscle against muscle. “Dynamic Tension” is the name
Charles Atlas gave to the system of exercises that he ﬁrst
popularized in the 1920s.
Is dynamic tension the key to cooperation among
vascular surgeons and their competitors? Dynamic tension
refers to the interdependency of short- and long-term
incentive plans, or how they work together to produce
cooperation. The repeated Prisoner’s Dilemma game
captures the essence of dynamic tension between doing
what is good for the individual (a selﬁsh defection) and
what is good for everyone (a cooperative choice).
JOURNAL OF VASCULAR SURGERY
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value. People tend to behave in ways that will optimize
their own rewards and recognition despite competing
priorities.
CODA
Vascular surgery has adapted well to the new paradigm
of endovascular interventions, but our small size puts us at
risk of being marginalized by our bigger competitors.
Hence, creating alliances and multidisciplinary collabora-
tions may be the key. The vascular surgeon-interventional
radiologist-interventional cardiologist interaction is a com-
plicated one that can be understood better using the tools
of game theory. The Prisoner’s Dilemma is a good starting
point to see how interests of different vascular specialists
cannot reach an optimal outcome because of competing
individual interests. However, cooperation is critical even
though dynamic tension exists to provide a solution to
the vascular surgeon’s dilemma.
In closing, I am indebted and grateful to my family,
colleagues, and friends for their support of my career in
vascular surgery. I cannot imagine having selected a better
career and believe that its future continues to be bright.
Finally, I could not have had a greater honor than the
opportunity to serve as your president. I have watched
the Society not only grow in size but maintain its reputa-
tion as the preeminent regional society. We keep getting
better, and I am conﬁdent that our organization will
continue on the path set by my predecessors.
Thank you for your help and support.REFERENCES
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